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摘  要 




团为聚亚甲基链的系列季铵盐 Gemini 表面活性(简称 12-s-12，s＝4，6，8； 
s 为联接基中亚甲基的数目) 及相应单尾单头基表面活性剂 DTAB 各自在 
脂质体中的行为，来模拟物质在细胞膜上的吸附和渗透过程。 
    通过浊度测量、动态光散射、Zeta 电位、透射电镜等方法，表面活性 
剂－脂质体相互作用过程中聚集体的形态、大小、表面荷电性质的变化得 
到了充分的考察。研究表明，阳离子表面活性剂在脂质体表面的特征吸附 
使得原本荷负电的脂质体表面带上了正电荷。 从 DTAB、12-4-12、12-6-12 
到 12-8-12，随联接基从无到有，从短到长，表面活性剂诱导脂双层溶解的 
速度增快，6 小时内脂质体/12-8-12 体系从囊泡到胶团的转变完全，而脂质 
体/DTAB 体系 48 小时内囊泡结构仍然存在。另外，透射电镜证明了各表 
面活性剂/脂质体体系在从囊泡到胶团的转变过程中存在着彼此各不相同 
的中间态聚集体。 





















Bilayer, vesicle, monolayer and micelle are often used as membrane mimetics. 
As the vesicle has special stability, can be used as inclusion body and can afford 
proper microenvironment for different reactions, it is seen as wonderful drug 
carriers.  
   In this work, large unilamellar vesicle (LUV) was got by the ethanolic injection 
method using lecithin as membrane mimetic. To mimetic the adsorption and 
penetration process occurring in membrane, the interaction of  
dodecyltrimethylammonium bromide (DTAB) or gemini surfactants 
alkanediyl-α,ω-bis (dimethyldodecylammonium bromide) (refered to as 12-s-12, s 
representing carbon number of the alkanediyl spacer) with lecithin vesicles was 
investigated respectively by turbidity measurement, dynamic light scattering (DLS), 
zeta-potential (ζ) and transmission electron microscope (TEM) techniques. 
Due to the specific absorption of cationic surfactants on the bilayer, the 
negatively charged liposome surface was modified to positively charged surface. 
From the conformation of surfactants, the spacer length and head-group charge 
density, the absorption behavior of 12-s-12 (s = 4, 6, 8) on the bilayer was 
discussed and compared with that of DTAB. To the liposome/DTAB system, there 
still existed vesicles structures even after interacting 48h. While to 
liposome/12-s-12 systems, the spacer affects the position of the headgroups of 
gemini surfactants in the bilayer, and accelerates the interaction of 12-s-12 with 
liposome. The longer the spacer is, the stronger the ability of surfactants to make 
liposome vesicle-to-micelle transformation is. To the 12-8-12/liposome system, the 
transformation completed within 6h. And the elaborate shapes or the structures of 















   So it is possible to control the solubilization speed of membrane bilayer by  
accommodating the length of spacer in gemini surfactants. The results can be  
applied in the drug releasing to control the drug releasing speed from capsules. 
 
 









































第一章  前      言 
1.1 膜模拟和膜模拟剂 
1.1.1 细胞膜模拟概述 








































图 1.1 不同介质中表面活性剂的自组装体结构简略图[5] 















































    不同表面活性剂的膜模拟剂之间形态差别很大。水溶液中的胶束是直径为



















































































        囊泡的形状多为大致球形、椭球形或扁球形，也曾观察到管状囊泡[15]。
根据大小与脂双层的数目，脂质体可分为如下几类[3]：单室小囊泡（SUV，直




















































































临界堆积参数 P≤1/3 1/3<P<1/2 1/2<P<1 P≈1 P>1 















临界堆积形状 椎形 平头椎形 平头椎形 圆柱形 倒置平头椎形 
自组装体形状 球形 圆柱形 柔性双层 平行双层 球形等 











表1-2 P值与分子结构和聚集体形状的关系[17]            
图 1 2 表面活性剂的几何结构示
 




























          大增性极                       
极性增大 
图 1.3 囊泡溶液的 9 个区域。图下方标注各
        囊泡，特别是磷脂形成的脂质体，是表面活性剂有序组合体在水中的
分散体系，其本身具有相对的稳定性。由于形成囊泡的物质在水中的溶解度很
小，迁移的速度很慢，因此囊泡常常可以稳定几周甚至几个月。相对于层状结
构，囊泡结构具有熵增加的优势，这也有利于囊泡结构的稳定。   采用冷冻干
燥保存脂质体，在脂质体中加入 合
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